When reovirus double-stranded ribonucleic acid (dsRNA) was synthesized in vitro by using a large-particulate fraction (LP-fraction) from reovirus-infected L cells, a significant amount of the 3H-labeled dsRNA product was incorporated into reovirus corelike particles bound to the LP fraction. These corelike particles were found to be indistinguishable from virus core derived by chymotryptic digestion of virions when compared on the basis of their (i) resistance to chymotryptic digestion, (ii) buoyant density in CsCl, (iii) particle size as determined by agarose chromatography, (iv) elution characteristics from diethylaminoethyl-Sephadex, and (v) resistance of the incorporated 3H-dsRNA to ribonuclease digestion in 0.01 M NaCl. When the replicase reaction was partially inhibited by NaCl, there was an accumulation of particles that were less dense than the virus core. All of the results indicate that some virus core assembly takes place during the in vitro replicase reaction.
The reovirus particle has a double-layer structure consisting of an outer and inner capsid (2, 5) . The innercapsid, a spherical structure of about 45-nm diameter, surrounds the 10 segments of the double-stranded ribonucleic acid (dsRNA) reovirus genome. This inner capsid will be referred to as the "virus core" in this paper.
We have demonstrated previously that a replicase-template complex, bound to a large-particulate fraction (LP-fraction) prepared from the cytoplasm of reovirus-infected L cells, catalyzed the synthesis of reovirus dsRNA (4, 6) ; furthermore, that minus-strand ribonucleic acid (RNA) was synthesized in vitro upon a preexisting template of plus-strand RNA (equivalent to reovirus messenger RNA) (4) . A similar observation was reported by Acs et al. (1) .
During subsequent studies in our laboratory, we observed that in vitro synthesized dsRNA was incorporated into particles that were bound to the LP-fraction and resembled reovirus core particles. Further investigation showed that the incorporation of in vitro synthesized dsRNA into the corelike particles was a step in the assembly of the virus core and that it took place within the LP fraction. These findings may be a clue to the way in which the segmented reovirus dsRNA genome is accurately apportioned and incorporated into the virus during its assembly in the infected cell. This report summarizes the evidence which demonstrates that in vitro synthesized dsRNA is incorporated into the virus corelike particles during the replicase reaction.
MATERIALS AND METHODS Buffers, chemicals, and isotopes. The following buffers were used: 0.01 M STE buffer, containing 0.01 M NaCl, 0.05 M tris(hydroxymethyl)aminomethane (Tris)-hydrochloride at pH 7.4, and 0.001 M ethylenediaminetetraacetate (EDTA); 0.3 M STE buffer, as above, but containing 0.3 M NaCI; TM buffer, containing 0.001 M MgCl2 and 0.01 M Tris-hydrochloride at pH 8.0. Tritiated uridine triphosphate (3H-UTP; specific activity, 21 Ci/mmole), 32P-orthophosphoric acid, and uridine-5,6-3H (specific activity, 42. 4 Ci/ 10 ml of TM buffer. Six different preparations of the LP-fraction with various degrees of replicase activity were used.
A standard reaction mixture of 0.25 ml total volume contained 20 umoles of Tris-hydrochloride at pH 8.0, 3.15,umoles of MgCl2, 30,pCi (0.7 nmoles) of 'H-UTP, 0.2 ,anoles of each of the other three ribonucleoside triphosphates, 2 jAg of actinomycin D, and 0.15 ml of the LP-fraction. After incubation at 37 C for the prescribed period of time, the replicase reaction was terminated by adding 1 to 3 ml of cold 0.3 M STE buffer containing, unless otherwise stated, 0.01 M EDTA.
The amount of 'H incorporated into the acid-insoluble fraction was determined by adding carrier yeast nucleic acid when necessary, and then trichloroacetic acid to a final concentration of 5%. The resulting precipitate was collected on a nitrocellulose membrane, dried, and then counted in a liquid scintillation spectrometer with 5 ml of toluene-liquifluor (New England Nuclear Corp.). Resistance to ribonuclease was determined by incubating samples in 0.3 M STE buffer containing 10 jug of ribonuclease per ml (unless otherwise stated) at 37 C for 20 min followed by acid precipitation, and the radioactivity assay was as described above.
RESULTS
Binding of in vitro synthesized dsRNA to a readily sedimentable particulate fraction. To determine whether the product dsRNA was released from the cytoplasmic LP-fraction upon completion of synthesis, we carried out the following experiment. The LP-fraction, which had been repelleted from TM buffer by centrifugation at 12,000 x g for 10 min, was incubated under conditions appropriate for the replicase reaction.
(OH-UTP was the labeled precursor.) After incubation for various periods of time, the reaction mixture was centrifuged at 12,000 X g for 10 min to pellet the LP-fraction. Then the amount of 3H-labeled dsRNA present in the supernatant and sediment was determined. It was observed that the majority of the newly formed dsRNA was bound to the sediment (Fig. 1) .
Homogenization of the sediment in a Dounce homogenizer with either Nonident P-40 (1%) or deoxycholate (0.5%) did not release the replicase product from the sediment (data not shown). These results indicate that the replicase-template complex mediates synthesis of dsRNA while bound to the LP-fraction and that after its synthesis the dsRNA remains associated with detergentinsensitive particulate material.
Release of virus corelike particles from the LPfraction by chymotryptic digestion. The in vitro dsRNA product associated with the readily sedimentable fraction described above was digested with chymotrypsin and then centrifuged through a preformed CsCl rial is shown in Fig. 2 131 ,000 X gfor 3 hr at 4 C in a Beckman S W41 rotor. "P-labeled virus cores, which had been isolated from "P-labeled virions by chlymotryptic digestion and purified by isopycnic centrifugationt in CsCI, were co-sedimented as marker. After cenztrifiugation, the gradient was fractionated from the bottom and a 25-pliter sample of each fraction was assayed for the amount of 3H or 32P present. Symbols: A, total acid-insoluble 'H; 0, ribonuclease-resistant acid-insoluble 3H; 0, marker 32P-labeled virus core particles; El, density as determined by refractometry. early in, the replicase reaction ( Fig. 7 and 8 ) notably changed the pattern of sedimentation in the CsCl gradient.
Nature of the lower component. The density of the lower component corresponds closely to that of marker 32P-labeled core (1.43 g/cm3) prepared by chymotryptic digestion of 32P-labeled virus and purified by banding in a CsCl gradient before cosedimentation with the lower component (Fig. 2) . Based on the peak width of marker virus core, it appeared that the lower component was somewhat heterogeneous. From similar analyses with different preparations of LP-fraction, it was determined that the lower component consisted of two distinct fractions, a major portion having a density of 1.43 g/cm3 and a minor portion at 1.40 to 1.41 g/cm3.
Besides similarity in buoyant density and resistance to chymotryptic digestion, the lower component shared the following characteristics with virus core derived by chymotryptic digestion of virions.
(i) According to analysis by polyacrylamide gel electrophoresis, the phenol-extracted, 3H-labeled RNA from the lower component consisted of segments which correspond for the most part to the three size classes of reovirus dsRNA segments (Fig. 3a) .
(ii) Both 3H-labeled RNA in the lower component and dsRNA in the virus core are resistant to ribonuclease digestion in either 0.3 M or 0.01 M NaCl (Table 1) . Furthermore, after phenol extraction both 3H-RNA and reovirus dsRNA were resistant to ribonuclease in 0.3 M NaCl. These results indicated that the 3H-RNA in the lower component was dsRNA that had been synthesized in vitro during the replicase reaction and that this dsRNA was protected from ribonuclease digestion in 0.01 M NaCl in a manner similar to that which protects dsRNA in the virus core.
(iii) In an analysis by filtration through agarose beads (Bio-Gel A-150 m) the lower component and the virus core eluted at the same position, whereas the complete virion eluted separately in the column's void volume (Fig. 4) . Comparison of the peak width and symmetry of the elution pattern for the lower component and the virus core suggested that the lower component was relatively homogeneous with regard to particle size.
(iv) In chromatography on diethylaminoethyl (DEAE)-Sephadex the lower component appeared somewhat heterogeneous, but the majority of it eluted sharply at the same concentration of NaCl as the virus core (Fig. 5 ). This demonstrates that surface charge of the lower component is similar to that of virus core.
All of these similarities between the lower component and virus core lead to the conclusion that the lower component apparently consisted of virus corelike particles which contained dsRNA synthesized during the in vitro replicase reaction.
Nature of the upper component. The upper component, obtained from the top region of a CsCl gradient as described in Fig. 2 , was contaminated by 3H-labeled ribonuclease-sensitive singlestranded RNA (ssRNA) which had been synthesized by the transcriptase present in the LP-fraction (4 Effect of NaCl on replicase reaction: accumulation of lower component less dense than virus core. It has been observed that the in vitro synthesis of dsRNA is inhibited by NaCl and that the degree of inhibition varies directly with the concentration of NaCl (Fig. 6) . By employing this correlation, replicase reaction mixtures were incubated in various concentrations of NaCl and then digested with chymotrypsin. The 6H-labeled products were analyzed by sedimentation in CsCl gradients as shown in Fig. 7 . Although not as quantitative as the experiment shown in Fig. 6 , a similar pattern of inhibition of dsRNA synthesis by NaCl was observed. More significantly, the data shown in Fig. 7 clearly show a shift in density of lower component, which varies with salt concentration. With 0.01 or 0.03 M NaCl in the reaction mixture, the lower component banded coincidentally with marker virus core at 1.43 g/cm3, but in the presence of 0.1 or 0.3 M NaCl the density of this material shifted to 1.38 to 1.40 g/cm3. These data indicated that the addition of NaCl to the replicase reaction mixture caused an accumulation of virus corelike particles with a RNA-protein ratio that was less than that of the virus core.
Failure to detect complete virion formation. Since the outer layer of the reovirus capsid was digested by chymotrypsin (3), it was possible that the virus corelike particles, whose detection required chymotryptic digestion of the replicase reaction mixture, were the product of the digestion of the outer capsid. To rule out this possibility, it was necessary to determine whether complete virions were also assembled during the replicase reaction.
First, 32P-labeled purified reovirus and 200 Ag of chymotrypsin were added to 0.25 ml of the replicase reaction mixture. After 30 min of incubation, the mixture was filtered through Sephadex G-100 to remove acid-soluble material and then centrifuged through a preformed CsCl gradient. The 32P-labeled virions were only slightly digested under these conditions. Furthermore, there was no 32P label in the density region of 1.41 to 1.43 g/cm3 where the 3H-labeled lower component banded, and there was no 3H-label in the region of 32P-labeled virions (Fig. 8a) added to precipitate RNA. After 20 hr at 4 C, the precipitates were collected by centrifugation, washed twice with alcohol, and resuspenided in 1.0 ml of 0.3 m STE buffer. The amount of3H inicorporated into ribonucleaseresistant, acid-intsoluble m77aterial was determined. Symbols: 0, zo NaCl; 0, 0.03 M NaCI; 1, 0.1 MI NaCI; A, 0.3 M NaCI; A, 1.0 mr NaCI. the intact virions to virus cores. Therefore, the 3H-labeled lower component was apparently not a breakdown product of complete virions.
To examine this possibility in another way, we added 32P-labeled virions without chymotrypsin to the replicase reaction mixture. After incubation, the mixture was homogenized in an equal volume of Freon under conditions necessary for dissociating virions from virus-infected L cells (8) . The aqueous phase obtained after centrifugation of the freonized mixture was filtered through Sephadex G-100 and analyzed by sedimentation in a CsCl gradient as in the preceding experiment. As shown in Fig. 8b , approximately 80% of input 32P-labeled virions banded sharply at density 1.36 to 1.37 g/cm3, and no significant 3H-label was found at this density. Since 32P-labeled virions were not degraded under the conditions of the replicase reaction, any newly synthesized virions, likewise, would not have been degraded. Therefore, we concluded that com- After 30 min of incubation, the mixture was filtered through Sephadex G-100 which had been equilibrated with 0.3 M STE buffer. The first peak of radioactive material was eluted in the void volume of the column. This fraction, which contained most of input 32p, was centrifuged through a CsCI gradient as described in Fig. 2 . A sample of each fraction from the gradient was applied to glass-fiber filters, and the levels of 3H and 32P were determined. (b) Purified 32P-labeled virions without chymotrypsin were added to 0.25 ml of a replicase reaction mixture. After 30 min of incubation, 0.3 ml ofFreon was added: the mixture was vigorously homogenized in a Dounce homogenizer and then centrifuged at 1,000 X g for 10 min. The aqueous phase was filtered through Sephadex G-100 and sedimented as before in a CsCl gradient. Symbols: 0, 3H; 0, 32p. (3) . Therefore, the heterogenicity of the lower component, reflected by the range in buoyant density (1.43-1.40 g/cm3), may be due to the incorporation of incomplete sets of reovirus dsRNA into the corelike particles.
It is also possible that density heterogenicity is a reflection of the variation in protein content of the particles. Unfortunately, contamination of the LP-fraction with preexistent virus core particles (4) makes meaningful protein analysis or electron microscopy of the lower component impossible.
If the incorporation of in vitro synthesized dsRNA into corelike particles represent synthesis of dsRNA within a protein matrix of the virus core, formed before or during the in vitro reaction, it would be reasonable to expect that partial inhibition of the in vitro replicase reaction would result in the accumulation of virus core particles that would contain less dsRNA and therefore be less dense than virus core in CsCl. The result of an experiment in which the replicase reaction was partially inhibited by NaCl (Fig. 5) is consistent with this model.
Analysis of the data on the upper component is more difficult to interpret. It seems to be a heterogenous mixture of complexes that consist of in vitro synthesized dsRNA and proteinaceous material. Electrophoretic analysis shows that 3H-labeled dsRNA of the upper and lower components are similar and suggests that failure to form corelike particles is not related to incomplete synthesis of dsRNA. Rather, it may be that the replicase-template complex is associated with an incomplete core protein matrix and therefore would be sensitive to chymotryptic digestion or exposure to CsCl, or both.
The observations of this study show that core protein and replicase-template complex are closely associated at the virus-synthesizing sites of infected cells and that dsRNA synthesis and virus core formation occur simultaneoulsy. These findings suggest that, rather than separate replication of dsRNA segments and subsequent linkage of these segments during virus assembly, the segments of the reovirus genome are synthesized as a complete set within a matrix of virusspecific proteins.
